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ABSTRACT 

The purpose of this study was to determine hov 
children at different ages understand the concept of temperature, 
examining particularly the logicomathematical aspects of the concept. 
In doing so, three developmental approaches were compared: (1) 
Piaget's structuralist approach; (2) Siegler's rule assessment 
approach; and (3) Anderson and Wilkening's functional measurement 
approach, in order to assess children's understanding of temperature 
via the three developmental approaches, tasks with two variables were 
selected, namely, heating varying amounts of water by varying numbers 
of candles. Subjects were 96 middle-class Israeli children aged 4 to 
11. Findings, among others, indicate that there are both 
commonalities and differences in children's development of the 
concept of temperature across various methodologies. In the Piaget 
and Siegler approach, children's development proceeded from centering 
on one variable to attending to two variaoles without coordinating 
them to attending to two variables and coordinating them. In the 
Anderson and Wilkening's approach, development proceeds from 
integrating two variables via integration rules of first addition, 
then subtraction, and finally division. Children who concentrate on 
one variable via Piaget's and Siegler's tasks integrate these 
variables via Anderson .nd Wilkening's tasks. This suggests that the 
latter two approaches may underestimate children's intellectual 
capacities. (JN) 
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The Development Of The Concept Of lemoerature When Assessed Via 
Three Developmental Models 

The main purpose of the present study was to detereine how 
children at different aqes understand the concept of temperature 
where, in particular we looked at the loaicomathemat ical aspects of 
this concept, m so doinq, we compared three developmental approaches: 
(1) Piaqet's structuralist approach, (?) Siegler's rule assessment 
approach, am ' (3) Anderson and Wilkeninq's functional measurement 
approach . 

In P<aqet's structuralist approach, children construct forms of 
knowledoe about the physical, mathematical, logical, social, 
biolooical, etc. worJd (Piaqet, 1970; Piaqet & Inhelder, 1974). Ho 
arques that these forms of knowledge are conceptual products that are 
constrained by the structure of logic children have constructed. The 
methodoloqy Piaqet uses is tne clinical technique w.iich is an 
open-ended interview where children oroduce judgments about tr»0 
problems posed and dlso are asked to explain or justify their 
judqments . 

Siegler's rule assessment approach is a qualitative information 
processinq approach (Sieqler, 1976, 1981, 1QS3; Richards & Siegler, 

1982) . The picture drawn by Sieqler is that cf » child who is 
rule-qoverned. These. — Ojles^can be described in the form of binary 
decision trees, althouqh they^can be described otherwise (Siegler, 

1983) . Development often proceeds from rules that allow children to 
attend to one, dominant variable; to rules that allow them to attend 
to the second variable If the first is held consrant; to rules where 
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children attend to both variables but where they do not have a way to 
coordinate them; to rules that allow a coordination of the variables. 
The nethodo loqy used by Sieqler can involve a forced choice procedure 
where children are not asked to justify their judqments. 

Anderson and Wilkeninq's functional measurement is an information 
processing approach (Anderson, 1980, 1981, 1982; Cuneo, 1978; Levin, 
Wilkeninq, 6 Dembo, 1984 ; Wilkening, 19P1, J 982; Wilkeninq & Anderson,, 
1982). One of the ma3or components of this approach is that children 
integrate information (variables) at a very early aqe and that 
development s cnaracter i zed by chanqes in the algebraic rules they 
use to inteqrate that information. These alQebraic rules can proceed 
from simple ones (addition/subt ract ior) *o more complex on^s 
(multiplication/division). The methodoloqy accompanyinq this approach 
often Involves presentinq one stimulus and askino a child to make a 
Subjective estimate on a continuous scale of its, say, temperature, as 
in the case of the present study. 

In order to assess children's chanainq understand ina of the 
concept of temperature via the three developmental approaches, we 
chose tasks with two variables, where varyinq amounts of water was 
heated by varyinq numbers of candies. Some work in this area was 
conducted hy Strauss, Stavy, & Orpaz (19** t) and Strauss & Stavy 
(1982). '"ney analyzed the tasks into their component parts and claimed 
that these tasks measure how children think about ratios, where the 
numerator is the nunber of candies and the denominator is the amount 
of water. In their studies, children were presented two containers of 
water which were heated by a certain number of candles. They were 
asked if they are the same temperature and, as a consequence, they 
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were beina asked to compare the ratios of number of candles/amounts of 
wa ter . 

Strauss i Stavy (1982) arqued further that it is possible to 
manipulate these variables in three characteristic ways. The first is 
to vdry the numerator only where two containers of equal amounts of 
water are presented and are heated by different numbers of candies, 
say, 1 cjndle and 2 candles. This task is called the direct function 
task since a change in the numerator (number of candles) changes the 
ratio (temperature) directly. In the present example, the cup with 
more candles is hotter. The second way to manipulate these variables 
is to vary only the amounts of water. Here two cups of unequal amounts 
of water are seated by the same number uf candles, say, 1 candle. This 
task is called the inverse function task since a cringe in the 
denominator (amount of water) changes the ratio (temperature) 
inversely. In the present example, the cup containing les' water is 
hotter. The third way to maniDulate these variables is to vary both of 
them. When they a:e varied proportionally, the temperature remains the 
same. This task is called the proportions task. An example would be 
chat ^ne cup is 1/3 filled and has 1 candle heatinq it and the second 
-up is full and has 3 candles heatinq it. 

In the present studv we qave tasks from each of the three 
developmental approaches to children from a wide aae ranqe. Each child 
was qiven tasks from each of the thr<?e apoioaches. Given the 
comDarative nature of the study, we will now present the methods 
se- t^or where at the erd c the description of the procedure for each 
approach, we present the hypotheses for that approach. 
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METHOD 

We divide this section into three parts: those for ?iaget, 
Siagler, and Anderson and Wilkeninc. 
Piaget's Structuralist Approach . 

Three tasks were presented to each child: the (1) direct 
function, (2) inverse function, and (3) proportions tasks. In all 
three cases the materials 'were presented to the children and all the 
relevant manipulations were carried out in front of them. The tasks 
given to the children are presented in Figure 1. We illustrate the 
procedure with the direct function task. The experimenter presents two 
same-size cups and fills them to the same height. She then says, "The 
water in these cups are the same temperature. Now let's put them over 
the candles for the same amount of time. Let's pretend the candles are 
Mt. (The experimenter puts them over the unlit candles at the same 
time, holds them over the candle? for several seconds, and removes 
them from the candles at the same time) . Is the water in the two cups 
the same temperature or is one of them hotter"? (The order of the two 
possibilities - same temperature/hotter - was alternated across 
tasks). If the ludgment was that one is hotter, they were asked to 
indicate which was hotter. The children were then asked to justify 
their judgment: "Why do you think this one is hotter/they are the s.ime 
tempera tur e"? 



Insert Figure 1 around here 



There are foLi hypotheses for Piaget's approach. The first three 
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hypotheses dea) wi*"*i children's judgments on individual tasks. The 
first, which deals with age effects, is that more older than younqer 
children will solve the tasks correctly. The second hypothesis, which 
deals with the tasks' differing difficulties, is that there will be 
significant task differences with the direct function being the 
easiest and the inverse function and proportions being of equal 
difficulty and more difficult than the direct function task. The third 
hypothesis is that there is a significant age X task interaction. 

The fou-rth hypothesis pertains to patterns of judgments* We 
predicted that there are three patterns of judgments: a corract 
judgmert on the direct function task and incorrect judgments on the 
inverse function and proportions tasks (+ — ); correct iurfom^nts on the 
direct and inverse function tasks and an incorrect judgment on the 
proportions task (++-); and correct judgments on ail three tasks 
(+++). The fourth hypothesis had two parts: (a) the judgments scale to 
form the patterns, end (bj there is an age effects tor the patterns. 
Siegler's Rule Assessment Approach . 

Ir Siegler's methodology, the investigator first hypothesi2as 
rules that * re thought to be the likely ones children have about the 
content of interest. In our case, the rules are about heating varying 
amounts of water with different numbers of candles. A guide for 
determining rules has been provided by Siagler (1981). The rules for 
solving tasks in our study are found in Figure 2. 



Insert Figure 2 around h^r* 



The investigator decides which of the variables is the most 
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psychological ly salient and, based on that oecision, posits that that 
variable will be attended to first. In our case, the number ?f candles 
is more psycholoa icalj v salient than tha airount of water. Rule 1 asks 
if the number of candles is equal. The second variable, water in ou~ 
case, is then attended to, but only under the condition that the first 
variable is held constant. Rule 2, paraphrased, asks if the amoi its of 
water are the same under the conoitions that the number of candles is 
the same. Rule 3 a? lows children to attend to both variables but there 
is no coordination between ihern - In our case, if the number of candlej 
and the amount of water is greater in the same cup, Rule 3 predicts a 
fluess on the part of the child. Tn rfule 4, chilcren attend fc o both 
variables and can coordinate theit. 



Insert Figure 3 around here 



The next step in Sieg'er's rule assessment method is to construct 
a set of tasks that will test the existence of the proposed rules. The 
tasks we devised for such a test are round in Figure 3. In SieqJer's 
aethodology we then superimpos* the hypothesized rules on the tasks 
and predict how children vhe consistently use the r ^s wil3 perform 
on the various tasks. 

We illustrate how to re^d Figure 3 with the example from task 
category 4: diflict candles. Her* we see in the first task that in 
one cup 'on the right), 3 units of water are heated by ? candles, and 
in the cup on the left, 1 >mits of water are heated by 1 candle. In 
this task, the correct tudgment is that the cup on the right is hotter 
(signified by an asterik next to that cup). A child who uses Rule 1 
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attends to the number of candles only and judges that the cup on tha 
riant is hotter because it has 2 c?ndles heating It as compared to 1 
candle heating the other cup. This judament is correct as indicated by 
the 100» that appears in the intersect between Rule i and this task 
type. A child who uses Rule 2 produces the same judgment because the 
number of candles is not jqual and that rule leads to the judgment 
that if the number of candles are unequal, the cup with more candles 
is hotter. Once acram, the judgment is correct. Children using Rule 3 
attend to both variables but cannot coordinate them. In this task both 
the number of candles and amount? of water are creater in one cup, to 
the children guess. This i 3 indicated by 33% since the children can 
guess one of three judgments: they are the same temperature, the left 
cup is hotter, and the right cup is hotter. Finally, children using 
Rule 4 have the ability to coordinate the variaM»« they judge 

correcly on this task. When readino the developmental trend predicted 
by eh- superimposition of the rules on this task, we see that there if 
a predicted U-shaped behavioral orowth cuive. 

Notice chat there are parallels between some of Siegler's tasks 
and those of Placet: f 1 ) task type 2 (candles) is equivalent to 
Piaget's dire ct function task; (2) task type 3 (water) is equivalent 
to Piagefs inverse function task; and (3) task type 6 (conflict 
balance) is equivalent to Piagef* proportions task. These parallels 
allow a comparison o£ Siegler and Piaqet. 

In Siegler's methodology, the children are presented the 
materials and the cups are placed over candles as in the Piagetian 
tasks. They are *sked, - r 3 the water in the two cups the same 
temperature or is one hotter- If they judae that the water in one cup 
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is hotter, they are asked to indicate which one is hotter, f 'o 
justifications are asked of the children. 

Each child is g.ven a total of 12 tasks. There are six task types 
and two tasfs were given per tas': type. The criteria for a child using 
a rule were that s/he had to produce judgments consistent with that 
rule on at leas»t 10 of the 12 tasks. There were further restrictions 
2or each rule. For Rule I, a child had to produce an incorrect 
judqment or both ta*ks from task type 3 (Water), whereas for Rule 2, a 
cMld had to produce a correct judgment on both task type 3 tasks. 
This is because judgments on that task are what differentiate Rule ] 
from Rule 2. For RuJe 3, all 6 of the first chree task types had to be 
solved correctly and no more than 4 of the K conflict tasks (the last 
three task types) haa to be judged correctly in order that a child be 
considered t^ be a consistent Rule 3 user. Finally, for 3ule 4, a 
Child had to produce correct judgments for all of the conflict 
tasks. 

There were two hypotheses for Siegler's approach. The first was 
that we will find the predicted developmental trends for each task. 
The second was that we will f A nd tne ruhs ptedicted by Siegler's 
methodology and that they will be age-related. 
Anderson and Wllkening's Functional Measurement Approach . 

In order to test the functional measurement approach we presented 
18 tasks. There wer e a total of 9 tasks in <? * X 3 matrix and ecch 
task was presented twice. The tasks appear i n Ficure 4. Notice that 
there is a parallel between some of these tasks and those of Piaqet 
and Siegler. when reading Figure 4 from left to right for ejco row we 
se« that the amounts of water remain constant and the number of 
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candles increases. The conoanson of children's estimates for these 
;asks is bivalent to Piaget's direct function t^k and fhe candles 
tasks for Siegler. when r.-ad'ng Fiaure 4 from top to bottom for each 
column we see that the number of candles is constant and the amounts 
of water increase. The comparison of chi^ren's estimates for these 
tasks is equivalent to Piaget's inverse function task and ^iegler'l 
water tasks. Finally, when reading Figure 4 on .he diagonal we set 
that the numoer of candles and amounts of water change proportionally. 
This is equivalent to Piaget's proportions task and Siegler's conflict 
balance tasks. These parallels allow a comparison of children's 
solutions on equivalent tasks from different methodologies. 



Insert Fiaures 4 and 5 around here 



The children were asked to estimate the temperature on an 
instrument illustrated in Figure 5. The instrument was placed In front 
of a child who was shown how it works. A red strip could be pulled out 
and the child was told that when the water is very hot it gets pulled 
out very far and when it is not very hot it does not get pulled out 
very far. The experimenter demonstrated its use to the children and 
they were then asked to show, via the instrument, hot water, very hot 
water, and tep.d wtter. If tne children made the proper manipulations, 
the experiment began. 

Notice that there were two anchors that set the outer limits for 
the children's estimates. One was a cup 1/4 filled with four candies 
under it and it represented a temperature that was hotter than the 
hottest temperature that was to be given to the children. Similarly, a 
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cup of cold water not heated by any candle served as an anchor for 
water thdt is colder than the coldest water presented in the study. 
And finally, the instrument was devised such that a ruler was placed 
on the experimenter's side so that the red strip was pulled out 

to varyinq lengths, the experimenter could record the child's estimate 
of the temperature. 

The proceduie for the experimental Tonditions was that .he 
experimenter presented a cup of water filled to a determined heiqht 
and placeo it over a certain number of candles and asked the child, 
•Show me how hot the water is with the red strip." Afte- the child 
pulled out the strip to make the estimate, the experimenter placed -.he 
red strip back to the original starting place and presented the next 
task. This was contim 2d until all 18 tasks were presented* 

There was one hypothesis from Anderson and Wilkening's approach: 
there is a developmental trend such that younger children use simple 
algebraic integration rules such as addition and subtraction and older 
children use complex integration rules such as division. 
SUBJECTS 

The subjects were middle-clas* children from Ramat Hasharon and 
Ramat Gan, two cities near Tal-Aviv. A total of 96 children were 
tested. There were 6 age groups and 16 children per age group, with 8 
boys and 8 girls in each age qroup. The aqes of the children per age 
group were 4,5,6,7,9, and 11. The children were interviewed 
individually in the kinderqarden or school where they learned. The 
order of presentation of the tasks across approaches was 
counterbalanced and the order of presentation of tasks within each 
approach was r'ndomized. There were generally three testing periods, 



ERLC 14 



Tempers lire Development. 11 



one for each of the approaches. The testino periods were qiven within 
a one week sp«n. Each testino period lasted for approximately 10 - 20 
m l nu tes . 

RESULTS 

The data will be presented in the followinq order: (1) Piaget'a 
Structuralist approach, (2) Siegler's r u l e assessment approach, and 
' 3) Wi l keni ng and Anderson ' s f unct i onal measu remen t appro ach . 

Piaget's Structuralist Approach 

There were four h^'pocheses about children's understanding of the 
direct function, inverse function, and proportions tasks. The first 
hypothesis was that ehere are significant age effects for judgments on 
the tasks: more older than younger children will product* correct 
judgments, and the second was that there are significant differences 
amcng the tasks. 



Insert Figure 6 here 



Data relevant for tha hypotheses are {round in Figure 6. A two-way 
6 (age groups) X 3 (tasks) analysis of variance for repeated measures 
was run and main effects were found for aqe F (5, 90) » 28.77, p<.0001 
and for tasks f f? IP.!) » 91.61, p<.0001. Hence, the first two 
hypotheses were confirmed. 

The third hypothesis, that there is a signiti-ant: aq* b/ task 
interaction, was confirmed. F (10. 180} « 6.77, p<.0001. The 
interaction was the result of diffeiinq slopes for *.ne three tasks 
across aqes. The direct function task was judqed correctly by 
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practically all of the children (there was a ceiling effect), while 
the increase in correct judgments for both the inverse function and 
proportions tasks was gradual. 

Tne fourth hypothesis had two parts: (a) Children's judgments on 
the tasks produce three patterns that scale: a correct judgment on the 
direr- function task only ( + — ) ; correct judgments on bot the direct 
function and inverse function tasks (++-,; an d correct judgments on 
all three tasks (+++), and (b) there is an age affect for patterns: 
more younc,^ c.ildren display the ) pattern, more older children 

display the («■♦♦) pattern, and children of intermediate ages produce 
the (++-) pattern. Both hypotheses were confirmed. 



Insert Table 1 here 



The relevant data arc found in Table 1. As can be seen, 8 7 out of 
our 96 children produced one of tne thr*e patterns. A Guttman 
scaloi m analysis indicated that the patterns scale. The coefficient 
of scalability was .89 and che coefficient of reproducibility was .97. 
This confirms the first part of our fourth hypothesis. 

As for the second part of the fourth hypothesis, relating age and 
patterns, we can see in Table 1 that 51% of the children produced the 
(+--) pattern, only 13% produced the (++-) pattern, and 361 of the 
children produced the (+++) pattern. Of those who produced the first 
pattern f + — ) most are from the two youngest aqe groups: 61% of the 
children who display that pattern are 4 and ^-year-olds. The nurr.ber of 
children producing this pattern decreases with age. Similarly, of 
those who produce the third pattern (+++), most, 78%, are from the two 
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oldest age grcjps, ages 9 and 11. Few of the youngest children product 
this pattern and it is only by age 9 that a majority of the children 
produce it. Because there were so few children who produced the (++-) 
pattern and K ecause they were fairly evenly distributed across the 
various ages, we car not make any strong claims about age effects for 
that pattern. The data just presented indicate that the^e is an age 
effect for producing r.he oatterns; however, this conclusion must be 
offered with some hesitation since the intermediate pattern w&f 
produced by so few children. 

A further point pertains to children's justifications about their 
judgments: children's justifications are age-related, where younoer 
children produce unid imensional and older children produce 
bidimensional justifications. There were two predominant 
justifications, those referring to: (a) one oi,;ension onl> either the 
number of candles or the amount of water (e.g.. "Here there are more 
candles than here so it's hotter.") and (b) both dimensions (e.g.. 
"Here there is more water and more candles, so the water is hotter."'; 

For space reasons, we cannot enter into a detailed account of the 
data here. It appears that younger children ar* more likely than oloer 
children to justify their judgments with ur l d imensi onal reasoning and 
older children are more likely to jurtify their judgments with 
bidimensional justificatio The cutoff point seems to be Lomewhtre 

around age 9, where below this age th>? predominant justification is 
unidimensional and above this age, uhe predominant justification is 
bid imens l onal • 

Siegler's Rule Assessment AoDroach 
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Before presenting data about the hypotheses, we note that there 
were no sionificant differences between children's judqments on the 
two tasks presented for each task type so these data were combined. 

Here there were two hypotheses. The first was that we would find 
the predicted developmental trends for each task type. We ran a 
on*-way ANOVA for each analysis. The data are found in Table 2. 



Insert Table 2 around here 



For the first task type, balance, we predicted no s<qnificant 
differences between aqe groups because children at all age groups 
should have tMved the tasks correctly. The findings were that there 
were significant differences between age groups P ( c ,90) ■ 4.31, 
p<.001. As can be seen in Table 2, the significant differences were a 
result 14 out of 16 children in age group 1 wno solved the tasks 
correctly, where all 16 of the cnildren in each of the other age 
groups solved them correctly- Tile siqnificant differences, then, wer« 
due to the small amount of variance being located in one age group. 
Althouah the differences were significant, we claim that the 
hypothesis was confirmed. 

For the second task type, candles, we also hypothesized no 
significant differences between age groups. Once aaain we found that 
the hypothesis v^s not confirmed F (5,90) « 2-83, p<.002. The findinaj 
in TabJe . indicate that 9 out of 96 children solved this task type 
incorrectly and they were located in the first three aqe qroups. 

The hypotheses from the remaininq four task types were confirmed 
in part. For task type 3, water, we hypothesized a dramatic 
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improvement with aqe and the data confirmed ojr hypothesis F (5,90) • 
19.15, p<.00fll. For tasK type 4, conflict candles, we hypothesized a 
U-shaped behavioral growth cu<rve. We found a drop in performance ovar 
aqes qroup but the expected increase in correct judgments was not 
found F(5,90) - 3.27, p<.01. For the fifth and sixth task typas, 
conflict water and conflict balance, we hypothesized a gradual 
improvement with age. In both ca3es, the data Confirmed tha 
hypothesis: F (5,90) « 7.14, p<.000l and F (5,90) * 16.14, p<.0001, 
respectively. In sum, moft of the analysts confirmed Siegler's first 
hypothesis . 

The second hypothesis in Siegler's approach was that tha 
predicted rules will be found and that they will ba age related. Tha 
data relevant to this hypothesis are found in Table 3. Rule 1 was 
exhibited by 46 children (48% of the entire sample) and it was found 
predominantly among the four youngest age groups {ages 4,5,6, and 7). 
We found that tli.s rule could be broken down further into two othar 
rules, which we doscribe below. Rule 2 was exhibited by relatively few 
children 9, or 9% of the sample, and there did not appear to be an aqe 
trend of its appearance. Rule 3 was exhibited by 12 children (131) and 
it appeared predominantly amono children fro»« the three oldest age 
groups: a-jes 7,9, and 11. Pule 4 was exhibited by 23 children (241) 
and i* was found mostly ai.iono the children fror. the two oldest age 
qroups: aqes 9 and 11. 



Insert Table 3 around here 



We mentioned above that Rule 1 can be broken down further into 
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two rules and we now shew how that is the case (see t»m. 3). m t »,e 
first rule. Rule 1A, children attend to the amount of water. They 
«que. in the case of task type 3 - water - that the cup w lt h more 
water is hotter. These children constituted 24 of tne 46 ,5 2 », 0 f the 
Children who use Rule 1 and they were mogt promlnent ^ ^ 
4-year-olds with a steady feline of R Uxe 1A use over age gro(jps> Jn 
th. second rule, Rule IB, children attend to the number of candles. 
They argue, in the case of task type 3, that the cup with more candles 
1. hotter. A total of 22 ,48*, of the Rule 1 children exhibited Rule 
IB and they were found among the four youngest age groups, ages 4,5,6, 
•nd 7. In both th. Rule 1A and IB cases, C a children attended to one 
variable and their reasoning wrs unid imens ional . 

In sum, we found the hypothesized rules and found that they were 
age-related. In addition, we found an additional rule that we had not 
hypothesized. In general, development seems to proceed from Rule 1: 
attend!,,; to one variable (either the number of candles or the amount 
of water, to Rule 4: attending to both variaoles and coordinating 
th.». Rules 2 and 3, that state that one attends to one variable under 
th. condition that the second is held constant, and one attends to two 
variables without coordination, them, respectively, were hardly found. 

jnderson and -ilkeninq-a F u nctional Measurement gop rogch 

The hypothecs fro. this approach was ^ 
• l.pl. algebraic rules such as add-on and subtraction and older 
rhildren US e more complex integration rules such as division. The 
•elevcnt data are found m Figures ■> anc 8. 
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Figure 7 presents some of the relevant data. On the vertical axis 
we have th, children's subjective estimate of temperature and on th. 
horizontal axis we have the number of candles. Notice that the use of 
the addition rule is found when there are parallel curves and th. top 
curve is the cup with 3 units of water, the bottom curve is the cup 
with 1 unit of water. and the intermediate curve is the cup with 2 
units. Subtraction is indicated by parallel curves with th. curvt. 
from top to bottom being 1,2, and 3 units of water. 

In Figure 7 we see that the children f-om the two youngest ag. 
groups (ages 4 and 5, use the addition integration rule; the childr.n 
from age group 6 do not have a discernible integration rule; th. 
children from age group 7 use- the subtraction integration rule; those 
from age group 9 use both the subtraction and div'sion rules; and th. 
11-year-olds use the division integration rule. These data support th. 
hypo thes is . 

In Figure 8 we are dealing with tne same data as in Figure 7 
*xcept that the amounts of water are now on the horizontal aUs. What 
we see nere is that the distances between the curves is greater in 
Figure 8 than in Figure 7 and their slopeS are ^ as ^ 
suggests that the children weighted the number of candles more than 
the amour.ts of water. m addition, we see from Fi QJ re 8 that th. 
children in age groups 4 and 5 used the direct function for both th. 
number of candles and amounts of water. We know this Decause th. 
" UrVeS riSe from left to rl " nt these two age groups. For age group 

6 children we see horizontal and parallel curves. This cin be a 
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consequence of two main types of data. First, it could be the cise without coordinating them (this was found m relatively few children) 

that the children did not attend to the varying amounts of water. to attendinq to two variables and coordinating them. For Anderson and 

Second, it could be that some of the children used direct function Wilkenirtq's approach, development proceeds from integrating two 

reasoning and others used inverse Tonction reasoning resulting in each variables via integration rules of first addition, then subtraction 

one essentially cancelling out the other. Finally, the children from and finally division. Notice here that the very children who ^entrate 

age groups 7,9, and 11 used inverse function reasoning for the amounts on one variable via Piaget's and Siegler's tasks integrate these 

ot water. We know this because the curves fall from left to right. variables via Anderson and Wilkening's tasks. This suggests that the 

In sum, the data from Anderson and Wilkening's approach fit the latter two approaches may underestimate children's intellectual 

hypothesis generated from that approach. capacities. 

Discussion The ability to solve the direct function, inverse function, and 

The data from the present study allow some tentative conclusions, proportions tasks for the three approaches was remarkably similar. For 

Due to space limitations w<.- cannot discuss them all, nor can we expand a H three approaches we found that virtually all of the children from 

on those we mention hen the earliest age onward were able to solve the direct function task. 

First, we have confirmed mar.y predictions from the developmental The transition from the ability to uudge incorrectly to judging 

approaches where the content was the concept of temperature. This correctly on the inverse function task was found to occur between ages 

means we can add this new content to the list of concepts that have 1 and 9 for both Piaget's task and S/e^ler's tasks, while it occured 

yielded to tha developmental models tested here between ages 6 and 7 for Anderson and Wilkening's tasks. The 

Second, because each child was administered tasks from each of Proportions task was solved by 75% of the 9-year-olds and 100% of the 

the three developmental models and because the children behaved in H-year-olds for P'agtt's task; by 63% and by 83% of the 11-year-olds 

ways consistent with the prodictions from the models, it appears that for Siegler's tasks; and oy similar percentages for Anderson and 

the different methodologies constrain, and possibly even produce, Wilkening's tasks. 

these very behaviors. For an expanded version of this point, see A s for the ages when children change from one mental state Co the 

Strauss s Ephron-Wertheim, (in press) and Strauss & Levin (1981). next, we found that for both Piaget and Sleqler, tr j change from 

There appear to be both commonalities and differences in c *ntratio n to attending to two variables withou- coordination occurs 

children's development of the concept of temperature across various at approximately ags 7 and the change to coordination occurs at around 

methodologies. For both Piaget and Siegler, children's development ac ?e 9. For Anderson and Wilkemng, the transition from simple 

proceeded from centering on one variable to attending to two variables algebraic rules (addition/subtraction) to rore complex ones (division) 

ERIC 20 • ,21 
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occurs at aqe 9. 

The overall picture presented here is that each of the approaches 
allows a unique way to understand the development of children's 
concepts of temperature, yet they have scire overlap ir. their 
interpretations of the data. The details of these similarities and 
differences are currently being worked out for the work described in 
this report and for a second set of experiments conducted for the same 
purposes where same and different temperature water was mixed. 
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TASKS FOR DIRECT FUNCTION, INVERSE FUNCTION, AND PROPORTIONS 
PIAGET'S STRUCTURALIST APPROACH 
FIGURE 1 




*X K*/le 1 




y ** r 


Cvp 




















Cvf Ui*4U U*» 








Set** *T*>*p«f**l*'* , « 



1^,4 4 er UVU*> 



W CISION THEE OF HULE< fOfl t mUT!ONS ON THE W ***** 



26 



FIGURE 3 

Predicted Developmental Trends on Slegler's Tasks 
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FIGURE S 
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MEASUREMENT SCALE FOR TEMPERATURE ESTIMATES 




« on*" 'or 



FIGURE 6 

>ri .iiirinmenfcs On The Direct Function, Inverse Function and 
Prcpcrt Ions Tasks 
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TABLE 1 

Frequency of Children Conforming to Predicted 
Developmental Sequence According to Plaget/s Model 
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TA3LE 2 

rrcqjencY cf Chi Id. en Producing Correct Judgments 
on S'"eg!er Tasks 



Type of Task 
Balance 

Candl es 

Water 

Conf I ict Candle* 
Confl i ct Water 



Age 



14 lb 16 16 16 16 



13 1* 12 16 16 16 



1 4 3 3 14 15 



I* 15 13 1C 7 5 



0 0 2 6 11 11 



Predicted Development 
Trend 

No change * all children 
at high level 



No change - all children 
at high level 



Dramatic improvement 
with age 



l-shaped behavioral change 
ot drop without upturn 



Gradual improvement with age 



Conflict Balance 1 1 3 7 10 14 Gradual improvement with age 
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